We examined the e#ects of extraction conditions on the anti-allergic components, epigallocatechin---O-(--O-methyl) gallate (EGCG-ῌMe) and strictinin during the manufacture of anti-allergic 'Benifuuki' green tea beverage. Ester-type catechins were extracted at a constant ratio to total catechin content and were easy to epimerize. After a long extraction time at above 3*῍, large amounts of epimer were rapidly produced. Moreover, the ratio of EGCG-ῌMe to polyphenol content was nearly constant, indicating that this ratio could be an essential index during the manufacture of tea beverages. EGCG-ῌMe easily isomerizes at temperatures above 3/῍. From the ratios of EGCG-ῌMe to polyphenol, it was concluded that, at a fixed extraction temperature and ,*-fold dilution (W/V), similar extraction e$ciencies are obtained for extractions from 0 to +/ min heated for 3 min at 3*῍ and 3/῍ showed strong histamine release inhibitory e#ects. Extraction temperature strongly contributed to inhibitory e#ect volume had a limited e#ect. We suspect that extraction at high temperature promoted EGCG-ῌMe extraction e$ciency and epimerization to GCG-ῌMe.
Introduction
Tea (Camellia sinensis L.) is consumed all over the world, and in large quantities in Japan and China, where it has been used for medicinal purposes for thousands of years. Tea has been found to exhibit various bioregulatory activities, such as being anti-carcinogenetic (Kuroda and (Fukai et al., +33+) , and to contribute to intestinal flora amelioration activity (Okubo et al., +33, ) . Catechins, a group of polyphenolic compounds, have been shown to be largely responsible for these activities.
Allergy has been defined as a disease of excessive immune activity, and in Japan the morbidity of allergy is estimated to be about -*ῌ. Many Japanese feel misgivings about the use of anti-allergic medicine as a result of side e#ects and mounting medical expenses, so there is a demand for the development of physiological-functional foods for allergyprevention.
Mast cells play a critical role in the e#ector phase of IgE-dependent immediate hypersensitivity and allergic diseases (Galli et al., +333) . Cross-linking of high-a$nity IgE receptors (FceRI) with IgE and allergen initiates the activation process, leading to the release of preformed and de novo synthesized vasoactive amines, proteases, leukotrienes, cytokines, and chemokines (Beaven and Metzger, +33-, Kinet, +333, Kawakami and Galli, ,**,). These chemical and polypeptide agents elicit various allergy-associated pathophysiological changes locally and systemically ; for instance, amines, such as histamine and serotonin, enhance vascular permeability, and cytokines, such as TNF-a, recruit inflammatory cells to the site of allergen exposure.
We have reported that O-methylated EGCGs (epigallocatechin---O-(--O-methyl) gallate and epigallocatechin- (Sano et al., +333, Suzuki et al.,  ,***, Fujimura et al., ,**,, Maeda-Yamamoto et al., ,**.) and strictinin (Tachibana et al. , ,**+) have anti-allergic action, and that the tea cultivar 'Benifuuki' is rich in
,**+). Moreover, we have reported that it was necessary to extract components from tea at the highest temperature possible, and to pasteurize under retort conditions (++2.+ῐ, ,* min), to manufacture functional 'Benifuuki' green tea beverage that has anti-allergic action (Nagai et al., ,**/). In Japan, canned and bottled teas are becoming remarkably popular. It was therefore hypothesized that we could manufacture bottled tea with anti-allergic action by using tealeaves containing anti-allergic substances. However, the e#ective extraction conditions needed to maintain the anti-allergic activity of 'Benifuuki' green tea remain unclear. In this paper, we attempt to clarify suitable extraction conditions for 'Benifuuki' green tea during manufacture.
Materials and Methods
Chemical standards (῍)-Epigallocatechin gallate (EGCG), epicatechin gallate (ECG), epigallocatechin (EGC), epicatechin (EC), catechin gallate (CG), and catechin (C) were purchased from Funakoshi (Tokyo, Japan), ca#eine from Wako Chemical (Tokyo, Japan) and gallocatechin gallate (GCG) and gallocatechin (GC) from Sigma-Aldrich
, and strictinin were purified to greater than 32ῌ (Sano et al., +333, Tachibana et al., ,**+). These samples were dissolved in distilled water with + mM L-ascorbic acid.
Preparation of green tea infusion 'Benifuuki' fresh tealeaves harvested in May ,**, from a plantation at the National Research Institute of Vegetable and Tea Science in Kanaya, Shizuoka, Japan were immediately steamed and then dried. Thirty grams of 'Benifuuki' green tea was extracted at 1*, 2*, 3*, and 3/ῐ for -, 0, 3, +,, and +/ min with ,*-, -*-, .*-, and /*-fold dilution by distilled water (W/V). During extraction, each infusion was stirred for +* sec every minute. After filtration, the concentration of polyphenol (tannin) in each extract was standardized for the investigation as follows.
Analysis of polyphenol content Generally, the uniform quality of green tea beverages is controlled by polyphenol concentration. To standardize each sample under various pasteurized conditions to give the same level of polyphenol, the polyphenol content in the infusion was measured by the colorimetric method using the ferrous-tartrate method (Iwasa and Torii, +30, ) . Briefly, three solutions were prepared : solution A (+** mg of ferrous sulfate and /** mg of potassium sodium tartrate/+** ml of distilled water), solution B (Sorensen bu#er ; +/+/ M Na, HPO. solution-+/+/ M KH, PO. solution, 2. : +0), and ethyl gallate standard solution. Five milliliters of the infusion sample (standard solution or distilled water as blank) was placed into a ,/ ml flask, / ml of A solution was added and mixed completely, and then B solution was added to make a total volume of ,/ ml. To monitor the reaction, the absorbency was measured by a spectrophotometer at a wavelength of /.* nm. Ethyl gallate was used as the polyphenol standard. Polyphenol content (mg/+** ml) was calculated by multiplying the ethyl gallate content by +./ as the coe$cient.
Analysis of chemical components Chemical components were analyzed by a slight modification of the procedure of Horie et al., (,**,). The tea beverage was diluted --to /-fold with distilled water and ,* ml of the filtrate after filtration through a membrane filter (DISMIC-+-HP-PTFE, pore size *../ mm, ADVANTEC, Tokyo, Japan) was injected by the autosampler (SIL-+*Avp, Shimadzu, Kyoto, Japan) into the HPLC apparatus (Shimadzu class VP HPLC system). HPLC was performed with a Shimadzu LC-+*A pump coupled with a UV detector (SPD-M+*Avp, Shimadzu) using a reverse-phase Wakopak Navi C+2-/ column (..0 mm i.d. x +/* mm, granule diameter : / mm, Wako Chemical, Tokyo, Japan) with Wakopak Navi C+2-/ (..0 mm i.d. x +* mm, granule diameter : / mm, Wako Chemical) as guard column that was eluted with an eluent described below at a flow rate of + ml/min at .*ῐ. Ca#eine, strictinin, EC, C, EGCG, GCG, ECG, CG, EGCG-῏ Me, and GCG-῏Me were measured at ,1, nm, and ascorbate, GC, and EGC,at ,., nm.
HPLC analysis was performed using a linear gradient system with mobile phase A (H, O-acetonitrile-H-PO., .** : +* : +) and mobile phase B (methanol-mobile phase A, + : ,). Linear gradient elution was performed as follows : +**ῌ mobile phase A for , min; ,*ῌ mobile phase A for ,1 min; maintain ,*ῌ mobile phase A for +* min ; and return to +**ῌ mobile phase A for 1 min.
Quantification was carried out using the external standard method. Quantification of catechins was performed after data acquisition using an LC workstation (Class VP system, Shimadzu).
Cells and culture Bone marrow cells from the femurs of NC/Nga mice (Charles Liver Japan, Kanagawa, Japan) were cultured in . ng/ml of murine recombinant IL---containing RPMI+0.* medium supplemented with +*ῌ heat-inactivated fetal bovine serum (medium : Peprotec, NJ, USA ; serum : Invitrogen life technologies, CA, USA), , mM glutamine and /* mM ,-mercaptoethanol in humidified 3/ῌ air/ῌ CO, at -1ῐ. More than 3/ῌ pure mast cells were obtained as bone marrow derived mast cells (BMMC) after four weeks of culture.
Degranulation by FceRI cross-linking BMMC cells were passively sensitized at a density of ,῎+* 0 cells/ml with + mg/ml anti-dinitrophenyl (DNP) mouse monoclonal IgE antibody (Sigma-Aldrich (MO, USA)) at -1ῐ overnight. After washing in Tyrode bu#er (Ca ,ῌ -free ; +* mM HEPES, pH 1.. ; Wako Chemical, Osaka, Japan ; containing *.2ῌ NaCl, *.*,ῌ KCl, *.*/0ῌ NaH, PO., *.+ῌ glucose, *.*/ῌ gelatin, and + mM MgCl,/0H, O), the cells were resuspended in Tyrode bu#er at a density of + x +* 1 cells/ml, incubated for ,* min with samples at -1ῐ, and then stimulated by -** ng/ml of DNP-HSA (human serum albumin ; LSL Cosmo Bio, Tokyo, Japan) with -** mM CaCl, for +* min at -1ῐ. The reactants were added to the . mM EDTA/Tyrode solution and cooled on ice to stop the reaction. To measure the histamine, the solutions were centrifuged at +/,*** x g for / min at .ῐ, an equivalent volume of *.+ N hydrochloride was added to the superna-tant, and the released histamine was measured by oncolumn HPLC (Saito et al., +33,) . HPLC was performed using a Shimadzu LC-+*A pump coupled with a fluorescent photometric detector (ex. --* nm, em. .-* nm) (RF-+* AxL, Shimadzu) with a reverse-phase Asahipak-ODP-/*-. E column (..0 mm i.d. x ,/* mm, particle size : / mm ; Showa Denko, Tokyo, Japan). The solution was eluted with /* mM sodium borate-acetonitrile (2* : ,*) bu#er containing + mM o-phthalaldehyde and + mM N-acetylcysteine at a flow rate of *./ ml/min at -1ῐ.
Statistics The results are shown as means῍SD of triplicate experiments. Statistical analysis was performed using Tukey's multiple range test. A value of P῎*.*+ or P῎*.*/ was considered statistically significant.
Results and Discussion
Extraction e$ciency of EGCG-῏Me and polyphenol content The anti-allergic action of O-methylated EGCG, EGCG-"Me in tea has been previously identified and the development of functional bottled teas using 'Benifuuki' green tea containing EGCG-"Me can be expected.
We aimed to construct a more e#ective manufacturing process to commercialize an anti-allergic beverage made from the 'Benifuuki' tea cultivar. To clarify the di#er-ence in extraction e$ciency among anti-allergic components and other chemical components in the beverage extraction process, we first measured the catechin content of tea extracts at various temperatures, volumes of water, and extraction times using the HPLC method.
As shown in Fig. + , the ratio of ester-type catechins to total catechins extracted was constant regular. The total catechins includes the total of EC, ῌC, EGC, GC, ECG, CG, EGCG, GCG, EGCG-῏Me and GCG-῏Me. It has been reported that above 2*ῐ catechin isomerization accelerates (Suematsu et al., +33/) . Therefore, we investigated the conversion rate of ester-type catechins (ECG, EGCG, EGCG-῏Me) to their epimers (CG, GCG, GCG-῏Me). Our results showed that after a long extraction time at above 3*ῐ, epimerization of ester-type catechins occurred readily and a considerable amount of the epimers was produced rapidly (Fig. ,) . Thus, the increased extraction temperature resulted in higher conversion of ester-type catechins to their epimers.
Extraction e$ciency of anti-allergic component during extraction process Generally, the uniform quality of green tea beverages is controlled based on the polyphenol (tannin) concentration. Therefore, we investigated the relationship between EGCG-῏Me and polyphenol content.
As shown in Fig. - , the extraction ratio of polyphenol to Polyphenol content in the infusion was measured by the colorimetric method using the ferrous-tartrate method.
EGCG-ῐMe was constant across various extraction conditions. This result suggests that polyphenol content is an essential index in estimating the extraction e$ciency of EGCG-ῐMe in the manufacture of anti-allergic 'Benifuuki' green tea beverage. In addition, to clarify suitable extraction conditions of O-methylated EGCGs, the relationship between polyphenol content and O-methylated EGCG content was investigated. Fig. . shows the ratio of polyphenol-(EGCG -ῐMeῌGCG-ῐMe) for tea extracts at various temperatures, volumes of water, and extraction times. Among the extraction temperatures, 3*ῑ showed the best extraction e$ciency of O-methylated EGCGs, and significant di#erences were observed for conditions between 1*ῑ and 2*ῑ (P῏*.*+), 1*ῑ and 3*ῑ (P῏*.*+), or 1*ῑ and 3/ῑ (P῏*.*/). Among the di#erent volumes of water, ,*-fold dilution showed good extraction e$ciency. Among the extraction times, there was not much di#erence in extraction e$ciency from 0 to +/ min. These results show that at a fixed extraction temperature and approximately ,*-fold dilution, the extraction e$ciencies obtained are similar for extraction from 0 to +/ min.
The extraction e$ciency of another anti-allergic component, strictinin, was low at high temperatures, and a long extraction time was required compared to the other polyphenols extracted (data not shown). It was inferred that the strictinin was completely extracted early in the extraction in contrast to the result of EGCG-ῐMe.
The e#ect of extraction conditions on the relationship between polyphenol content and histamine release inhibitory action Finally, to clarify the relationship between the extraction conditions and anti-allergic action, the inhibitory e#ects on histamine release of extracts obtained Tea infusions extracted at 1*, 2*, 3*, and 3/ῑ for 3 minutes with ,*-, -*-, .*-, and /*-fold dilution by distilled water (W/ V) were diluted ,-fold and subjected to BMMC assay. Polyphenol content in the infusion was measured by the colorimetric method. after 3 min were compared. As shown in Fig. / , the inhibitory e#ects from extracts obtained at 3*῎ and 3/῎ were stronger than for those obtained at lower temperatures. Extraction temperature strongly influenced the inhibitory e#ect as compared to the extracttion volume of water, which had little e#ect. We suggest that inhibitory activity is not dependent on polyphenol concentration because the polyphenol content was su$cient to show activity.
Moreover, it was observed that EGCG-῍Me was more easily epimerized to GCG-῍Me for extraction at 3/῎ than other temperatures, as shown in Fig. 0 . We have reported that 'Benifuuki' green tea beverage extracted at high temperature and sterilized at high temperature has a strong histamine release inhibitory e#ect in vitro (Nagai et al., ,**/). It was clear that extraction at high temperature promoted EGCG-῍Me extraction and epimerization to GCG-῍Me. Therefore, it is proposed that the histamine release inhibitory e#ect is mainly brought about by O-methylated EGCGs and isomerized catechins.
From these results, to manufacture an anti-allergic green tea beverage, we propose that 'Benifuuki' green tea should be extracted in a ,*-fold volume of distilled water for 0 min to +/ min at 3*῎.
